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any  fonn  in  whole  or  in  part  without  prior  approval  of  the 
Government.  Since  this  is  a  technical  management  report,  the 
information  herein  is  tentative  and  subject  to  changes,  correc¬ 
tions  and  modifications. 


ABSTRACT 


Except  for  a  few  testa,  the  tensile,  compressive, 
shear  and  bearing  properties  have  been  determined  for  all  but 
three  of  a  total  of  forty  2014-T652,  2024-T852,  7075-17352  and 
7079- T652  hand  forgings  scheduled  for  test.  Ratios  among  these 
properties  have  been  calculated.  Plane- strain  fracture- 
toughness  values  have  been  determined  for  two  of  the  hand 
forgings.  The  results  of  axial- stress  fatigue  tests  (R-0.0)  of 
smooth  specimens  are  presented. 

Hie  preparation  of  specimens  for  the  stress-corrosion 
and  exfoliation  tests  has  been  initiated#  and  exposure  of  the 
specimens  will  be  started  soon. 

Tests  of  the  6x24-ln.  2014-1652  hand  forging  are  in 
progress  to  study  the  effects  of  notch  geometry,  specimen 
length  and  stress  on  the  rate  of  fatigue  crack  propagation. 


TABLE  OF  CONTENTS 

Page 


I.  Introduction .  1 

II.  Material .  2 

III.  Procedure .  2 

IV.  Progress  During  Quarter  .  2 

V.  Sunnary .  5 

VI.  Tables  and  Figures .  7 


Third  Technical  Management  Report 

MECHANICAL  PROPERTIES,  INCLUDING  FRACTURE  TOUGHNESS  AND  FATIGUE, 
CORROSION  CHARACTERISTICS  AND  FATIGUE- CRACK- PROPAGATION  RATES  OF 
_ STRESS- RELIEVED  ALUMINUM  ALLOY  HAND  FORGINGS _ 

I.  Introduction. 

The  design  mechanical  properties,  fracture  toughness, 
corrosion  characteristics  and  fatigue-crack  propagation  rates 
are  four  of  the  meet  important  factors  involved  in  the  selection 
and  efficient  design  of  aircraft  structures.  Such  data  are 
needed  for  aluminum  alloy  hand  forgings  for  several  reasons : 

(1)  much  of  the  published  design  data  has  become  obsolete  by  a 
change  in  the  basis  of  specifying  minimum  properties,  from  one 
in  which  the  length,  width  and  thlcknes3  were  considered,  to 
one  where  only  the  thickness  is  involved;  (2)  the  development 
of  a  technique  of  stress  relieval  by  cold  work  in  compression 
has  resulted  in  relatively  new  tempers  (TX52)  for  many  of  the 
alloys;  and  (3)  there  have  been  some  significant  problems  with 
forged  parts  in  recent  years  that  were  related  to  fracture  and 
stress-corrosion  characteristics. 

Accordingly,  the  properties  of  hand  forgings  of 
several  aluminum  alloys  currently  being  used  in  aircraft 
structures  are  being  determined  under  this  contract.  The  tests 
are  intended  to  provide  statistically  reliable  data  for  deriv¬ 
ing  design  mechanical  properties  for  MIL-HDBK-5A,  including 
stress-strain  and  compressive  tangent -modulus  curves.  In 
addition,  data  concerning  the  fracture  toughness,  axial- stress 
fatigue,  stress-corrosion,  exfoliation  and  fatigue-crack 
propagation  rates  are  being  obtained. 


2. 


This  Third  Technical  Management  Report  summarizes  the 
results  of  tests  carried  out  during  the  third  quarter  of  the 
contract,  and  the  general  status  of  the  program  at  this  time. 

II.  teterlal. 

All  but  one  of  the  hand  forging  samples  to  be  in¬ 
vestigated  have  now  been  obtained.  The  6x24-ln.  7075-17.552 
forging  which  had  been  received  did  not  meet  the  tentative 
minimum  tensile  properties  and  was  returned  to  the  plant  for 
reheat  treatment.  The  reheat- treated  sample  is  expected  within 
the  next  month, 

III.  Procedure. 

All  the  specimens  and  test  procedures  were  described 
In  the  First  Technical  Management  Report,  daued  May  15,  1968. 

IV.  Progress  IXirlng  Quarter. 

A.  Mectianlcal  Properties 
A.l.  Tensile,  Compressive,  Shear  and  Bearing 
Ihnsile,  compressive,  shear  and  bearing  tests  have 
been  made  of  37  forgings,  the  results  of  which  are  shown  in 
Thbles  I  through  IV.  The  ratios  shoving  the  relationships 
among  these  mechanical  properties  are  shown  in  Table  V. 

Since  the  data  for  the  various  sizes  of  hand  forgings 
of  any  one  alloy  are  not  complete,  no  detailed  analysis  has  been 
made  of  the  test  results. 
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A. 2,  Fracture  Ibughneas 

Notch-bend  fracture  tests  have  been  made  of  two  of 
the  hand  forgings.  The  average  values  obtained  are  as  follows: 


Alloy 

and 

Tbmper 

Sample 

KJc,  psiVin. 

Cross- Sect . 
Size,  in. 

Number 

Direction* 

2014-1652 

5x20 

341013 

LW 

29  200 

WL 

19  600 

7075-17352 

4x16 

341030 

LW 

32  700 

WL 

26  500 

The  above  values  are  considered  to  be  valid,  although 
for  some  individual  specimens  the  stress  intensity  used  in 
fatigue  cracking  was  slightly  in  excess  of  50  per  cent  of  the 
Kjc  value,  and  the  fatigue  crack  deviated  from  straightness  by 
slightly  more  than  5  per  cent  of  the  thickness. 

Specimens  from  most  of  the  other  hand  forging  samples 
have  been  prepared  and  are  in  the  process  of  being  fatigue 
cracked. 


A. 3.  Axial  Stress  Fatigue 
The  axial-stress  fatigue  (R=0.0)  tests  of  specimens 
from  all  except  the  6x12- in.  7075-17352  hand  forging  have  been 
started,  and  approximately  8o  per  cent  of  the  scheduled  tests 
have  been  completed.  The  resultB  of  the  tests  are  plotted  in 
Pigs.  1  through  4. 


*  The  first  letter  indicates  the  direction  of  a  line  normal  to 
the  crack  plane  in  the  specimens;  the  second  letter  Indicates 
the  direction  of  crack  growth.  L  -  Longitudinal  (major  axis 
of  forging);  W  -  Width. 
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B.  Corrosion  Characteristics 

Specimens  have  been  obtained  from  sixteen  of  the 

twenty-three  hand  forgings  scheduled  for  corrosion  testing. 

Specimens  from  the  2x8- In.,  3x12- in.  and  5x20- in. 
forgings  have  been  machined,  and  it  is  expected  that  the  stress- 
corrosion  specimens  will  be  exposed  in  late  November,  19t>8. 
Specimens  have  also  been  prepared  for  exposure  to  the  accelerated 
exfoliation  test;  however,  due  to  the  extensive  backlog  of 
specimens  for  this  exposure,  there  will  be  some  delay  before  the 
tests  are  started.  Some  of  the  specimens  from  the  4  and  O-ln. 
thick  samples  have  been  prepared,  but  the  testing  is  being 
delayed  until  all  of  the  specimens  from  a  given  size  of  forging 
can  be  exposed  concurrently. 

Machined  slices  of  the  6x6- in.  7075-17552  and  7079- Tb52 
forgings  have  been  obtained  for  macroetching  to  determine  the 
grain  orientation.  Preparation  of  specimens  from  these  samples 
will  be  initiated  shortly. 

C.  Fatigue  Crack  Propagation 

Twenty  long- transverse  crack  propagation  specimens 
were  prepared  from  the  6x24- in.  2014- T652  hand  forging.  Tests 
of  these  specimens  have  been  initiated  to  study  the  effects  of 
notch  geometry,  specimen  length  and  periodic  changes  in  stress 
on  the  rate  of  fatigue-crack  propagation.  The  6x24-in.  7079- 
T652  hand  forging  has  been  submitted  to  the  ffechine  Shop  for 
preparation  of  sljc  additional  specimens. 


5. 


The  program  calls  for  ©valuation  of  the  effects  of 
specimen  orientation  and  humidity  on  the  rate  of  crack  propaga¬ 
tion  for  two  of  the  four  alloys.  It  vas  originally  Indicated 
that  the  selection  of  the  two  alloys  might  be  made  vhen  data 
comparing  the  propagation  behavior  of  all  four  alloys  vas 
available.  However,  with  the  delay  in  receiving  the  forgings, 
this  is  not  feasible.  Thus,  it  is  proposed  that  these  tests  be 
made  on  the  alloys  expected  to  show  the  greatest  difference  in 
resistance  to  stress-corrosion  crackingj  i.e.,  7075-17352  and 
7079-  T652. 

V.  Suianary . 

The  tensile,  compressive,  shear  and  bearing  properties 
determined  for  37  of  the  40  hand  forgings  scheduled  for  test  are 
shown  in  Thbles  I  through  IV.  The  tensile  properties  of  the 
hand  forgings  meet  the  applicable  specified  minimum- property 
requirements  shown  in  Table  VI.  Ratios  among  the  properties  are 
as  shown  in  Thble  V. 

Notch-bend  fracture  toughness  tests  were  made  of  two 
hand  forgings,  the  average  Kjc  values  are  shown  in  Section  IV, 

A.  2  of  the  text. 

Approximately  80  per  cent  of  the  axial-stress  fatigue 
tests  have  been  completed.  The  results  of  the  tests  are  plotted 
in  Pigs.  1  through  4. 

Specimens  from  the  2,  3  and  5- in.  thick  forgings  have 
been  prepared  and  the  stress- corrosion  and  accelerated  exfolia¬ 
tion  tests  are  to  be  started  soon.  Although  some  of  the 


specimens  from  the  4  and  6- in.  thick  samples  have  already  been 
prepared,  testing  is  being  delayed  so  that  all  of  the  specimens 
from  a  given  size  of  forging  can  be  exposed  concurrently. 
Jfachined  slices  from  the  6x6- in.  7075-17352  and  7079- T652 
forgings  have  been  obtained  to  determine  the  grain  orientation. 

Tests  of  the  6x24-ln.  2014-T652  hand  forging  have 
been  initiated  to  study  the  effects  of  notch  geometry,  specimen 
length  and  stress  on  the  rate  of  fatigue-crack  propagation.  It 
is  planned  to  evaluate  the  effects  of  specimen  orientation  and 
humidity  for  alloys  7075-17352  and  7079- T652;  these  tvo  alloys 
would  be  expected  to  show  the  greatest  difference  in  resistance 
to  stress-corrosion  cracking. 


rs 


'Brrrmmnii - 


-n 


'  .  '' Ct  l  S+t  {-S 


C.  F.  feABLLOTT 


c."E;'TroroH®K — 


aaa if 


-  a  aa  m  as  sag  aasa 


!C4l  opAprOT  [rs  OF  ST-JFSS-hfl  ICVEO  ?014-Ta«:?  ALUMINUM  ALLOT  HAND  FORGINGS 


TABLE  I 


r 


4 

a. 


u 

i 

a 

4t 

i 

4 


7 


O 

e 

0 

C 

O 

c  c. 

c 

C 

c 

C  GO 

G 

c 

O 

C 

C  G 

0  0 

0 

c 

G 

O  OO 

O 

0 

O 

Cg 

4 

*\j 

1 

n  ru 

1 

c  —  1 

t 

ri 

4  1 

a 

0  1  r,  ps  t 

4< 

— 

1  — 

a. 

1 

P~  0  1 

0 

— B 

0 

1 

p^ 

* 

1 

n  r\.  i 

1 

X- 

O  I 

4 

O  1  4  4  1 

P^ 

I  4 

1 

(7  OD  t 

u> 

N 

0 

0 

c. 

0 

0  c 

0 

O 

O 

O'  00 

a 

c 

O' 

a 

a> 

xx 

x- 

H 

XX 

^0  X— 

X— 

«— > 

xx 

»— 

►— 

in 

i/i 

c 

IT- 

0 

0 

O 

c* 

0  0 

0 

O 

O 

O  OO 

G 

O 

e 

C 

e  0 

c 

c 

c 

c  cr 

c. 

cr 

C 

0  O  c 

O 

O 

G 

CL 

m 

1 

a 

4 

1 

iT'  C\J  1 

1 

O 

O  1 

h- 

4  10  0  1 

px 

O' 

1  4 

4 

1 

rv  0  1 

II 

1 

1 

1 

• 

1 

1  1 

1 

O 

a 

1 

0 

X 

1 

If  N  » 

1 

4' 

4i  1 

rv 

n  1  0  o>  1 

4 

n 

1  X- 

1 

U.I 

•s 

<r 

a 

a: 

X 

cr  cc 

a 

S3 

a 

a?  r-  px 

X 

a 

a 

«r 

a.  cc 

c 

UO 

4 

7 

< 

UJ 

0 

0 

0 

c 

0 

c  0 

0 

C 

0 

C  CO 

O 

0 

c 

0 

G  C 

p 

• 

0 

0 

0 

0 

0  0 

0 

O 

0 

C  CO 

c 

0 

0 

c 

c  0 

d 

u. 

OJ 

1/ 

— « 

| 

1 r 

X 

1 

r»  px  1 

1 

r- 

4  1 

4 

4  t  4  4  « 

rv 

I  — 

0 

l 

XX  O  1 

• 

ll 

I 

» 

» 

1 

1  1 

4 

O 

«\j 

0 

1 

ru 

■o 

1 

n  —  1 

t 

px 

OD  1 

p» 

n  1  ns  1 

4 

•*» 

1  0  0 

1 

ft  p^  1 

uO 

V 

rv 

m 

r> 

rv. 

c\i  rg 

»• 

XX 

XX 

rv  X-  xx 

XX 

rv 

rv 

<x« 

X*  XI 

—> 

H— 

xX 

XX 

XX  xX 

X— 

XX 

XX 

«x  —  XX 

XX 

XX 

•—> 

X- 

XX  XX 

a 

►- 

ISI 

4> 

a 

l/- 

c 

e 

c 

0 

c  0 

c 

c 

c 

c  00 

0 

G 

0 

0 

0  0 

• 

« 

0 

0 

0 

0 

0  0 

0 

c 

c 

0  0  c 

G 

C 

0  0 

0  c 

►- 

M 

c 

c 

1 

r> 

«— 

1 

r.  px  t 

1 

rv 

rv  1 

4 

K  1  «■*  <£  | 

4 

rv 

1  xx 

l 

4-  rr  1 

J 

II 

1 

» 

t 

1 

1 

1  ( 

1 

1 

1 

a 

-X 

1 

rvj 

1 

7  c  1 

1 

a.  n-  1 

n 

a  1  G  4  l 

P* 

O 

1  xx 

p- 

1 

O'  -0  ♦ 

N 

c 

c 

c 

J 

a  0 

a 

03 

a 

a  0  od 

0 

® 

<7 

CD  CD 

<1> 

*■" 

— 

• 

c 

0 

c 

c 

e 

000 

0 

O  C 

0 

00000 

O 

c 

O  O 

0  0 

C  G  O 

cx 

•  Si 

e 

0 

0 

0 

0 

0  0  e 

0 

O  O 

0 

c  0  0  0  0 

O 

0 

c  0 

0 

0  0  0  c 

•a 

b- 

i/i 

XX 

<v 

c 

1%  a: 

r~ 

4  4  0- 

X 

r-x  rv  4 

m  r*  x  4  ri 

4 

p^ 

4  rv 

a 

p-  4  a  c 

u 

JU.^ 

2 

a 

a 

4 

r. 

X— 

C  C  CP 

XX 

c. 

cr 

c  x  x  a  r- 

rv 

0 

O  O 

0 

a 

rv  cr  0 

S 

►- 

4 

4 

4 

4 

4 

4  4'~ 

4 

4  4 

4 

4  nnnn 

4 

4 

4  4 

m 

r 

4  n  n 

in 

• 

• 

c 

C 

O 

C 

0 

c 

c  c  c 

C 

c  e 

O 

c  0  c  0  0 

c 

O 

0  C 

G 

c 

000 

* 

c 

4 

c 

O 

C 

c 

c 

c  0  c 

G 

C  G 

C 

0  0  0  c  0 

c 

O 

0  c 

O 

0 

0  c  0 

a 

4 

— 

IN- 

f- 

P“ 

4 

T 

p^ 

4  — 

P^  4  4 

O 

s  n  rv  in  cr 

c 

4 

px  n  0 

O' 

O'  4  « 

u. 

u. 

i/i 

X- 

J 

a 

a 

c 

a 

ar 

a 

C7 

4  4  0 

4 

rv  4  rv 

4  —  r>  rv 

4 

C 

4  c 

XX 

XX 

p»  rv  0 

L 

>- 

»— 

4 

P«- 

4 

•e 

4 

4 

4  4  4 

4 

4  4 

4 

4  4  4  4  4 

4' 

4 

4  4  4 

4  4'  4  m 

t/> 

• 

• 

«s 

C 

u. 

u. 

■*#* 

c. 

4 

X 

CSj 

P- 

o*  rw  4 

X 

4  4 

px 

<7  4  4  r*  P^ 

—* 

in 

xx  r» 

4 

rv 

O'  4  4 

u 

r** 

r- 

IVJ 

rv  — 

rv 

rv 

rv 

r> 

rv 

a 

• 

< 

• 

« 

c 

**■ 

C 

1/ 

c 

4 

vr 

4 

c. 

4  If  V 

c 

c  c 

4 

4  0  4  c  p~ 

c 

41 

cr  0  4 

If 

in  c  c 

4 

• 

• 

• 

•  •  • 

• 

•  •  •  •  • 

■  • 

•  •  • 

c 

rv 

— 

4 

a 

c* 

►x 

IT 

rv,  r«  rv 

rv 

4 

— 

if  r -  in  n 

rv 

m 

r\  X- 

n 

I-, 

0  4  4- 

1 

u 

u. 

r 

c 

- 

— 

J 

c 

e 

0 

c- 

c 

O 

00c 

c 

C  C 

c* 

c  0  0  0  0 

c 

0 

0  0 

c 

OOO 

c 

4 

c 

c 

c 

c 

c 

C 

7  C  C 

c 

c  c 

c 

c  0  0  c  c 

c 

0 

c  c 

c 

c 

crc 

-j 

4 

•— 

4 

1 

4 

l\> 

XX 

l\ 

rv  c  4 

rv 

rv  o 

4 

rv  js  n  - 

c 

m 

0  »f 

4 

0 

O  p-  0 

u- 

S' 

•— 

1 

<1 

4 

4 

•N 

4 

ir 

rv 

4  r  0 

rr 

—  cr 

C  K  0  p-  4 

rv 

0 

4  O' 

U 

LT 

4  P* 

> 

#- 

4 

4 

4 

4 

4 

4 

g  4  IT 

4 

4  IT 

4 

4  4  4  4*  4 

4 

4 

U'  4 

4 

4 

4  4  4 

4 

x 

C 

C 

,r 

r 

C  C  C 

C 

c  c 

C 

e  c  c  c  c 

C 

c 

O  O 

C 

C 

c  c  c 

• 

1/ 

c 

C 

C 

c 

C" 

c  c  c 

c 

c  c 

c 

c  c  0  c  c 

c 

c 

c  c 

c 

c 

c  c  c 

1/ 

J 

P» 

5 

a 

c 

p* 

r»  0  O 

4 

4  *\ 

a 

r  4  4  px  a 

p^ 

4 

rv  rv 

n 

0 

C  4  4 

-1 

u 

ir 

_ 

•1 

a 

X* 

— 1 

4 

x- 

XX 

7 

cog 

4 

p*  4 

a 

p«.  4  a  4  r- 

p* 

4 

4  4 

J 

pF 

r  4  rv 

r* 

P* 

< 

p* 

Pn. 

4 

P^  4  4 

4 

4  4 

4 

g  4  4  4  4 

4 

4 

4  4 

4 

4 

4  4  4 

■/V 

1 

%/y> 

V-' 

< 

u 

c 

—i 

»- 

P- 

—J 

w 

►» 

^  P- 

J  i- 

** 

-> 

►—  *— 

- J 

_J  *»  ►“ 

X 

*— 

J  P  ^ 

0 

>— 

-J 

4 

■J  U" 

_J  ir 

„ 1 

S 

-J  s 

-J  s  j  4 

xJ 

■r 

4 

-1  4) 

H— 

c 

0 

p- 

to 

O 

<r 

_ 

rv# 

r» 

4 

44 

4> 

u 

c 

c 

X.. 

XX 

ft 

c 

c 

c. 

c 

c 

e 

c 

c 

c 

c 

5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

u 

'* 

p*: 

n 

r. 

— • 

r 

fX 

r' 

C" 

m 

r' 

0 

— 1 

. 

7 

< 

1 

“ 

u 

v 

C 

a 

r\j 

0 

4 

u 

C 

c 

4 

rv 

4 

1/ 

►— 

• 

•— 

XX 

XX 

rv 

XX 

rv 

c 

b- 

u 

*c 

*r 

>» 

■x 

K 

X 

ye 

»* 

a 

O 

N 

r' 

4 

4 

4 

O' 

IT 

4 

4 

4 

c 

Ll 

if 

1/ 

BEST  AVAILABLE  COPY 


JSoiASNVal.  iOOHS  ’IS  idSejASHV-il  V'.ol  *11  f  l»nIul,il-jG<n  -  |« 
NOSOl  U 1  Al1»DjNOS»ont)  OJi.vjl.)  O'.v  V.aMjjas  , 

oiLjHTlO  Mo  J'j  IIIjD  on  OV  STtOoa  iJbJJO  4. 

i'<jj  aid  d‘v  STw«Co  liajjo  . 


mechanical  PO0PFOTI6S  Of  STPfSS-PfLieVFO  ?02<>-T»52  ALUMINUM  ALLOY  HAND  FO&GINGS 

«F3361S-iiiA-C-i38S» 


TABLE  II 


BEST  AVAILABLE  COPY 


JSBJASNVol  10UHS  MS  ’  JSMJASOVol  *jsol  M3  •  1VN1UU  l‘jt,u3  *1§ 
NOSOi  Nl  AllsOlNOSVfijTtt  UJOvJlJ  SJofllYlJ  UNV  SNjhIOJoS* 
03J3rtVlU  Me  JO  IN3J  odfi  0*?  S  l»noj  UijJO  4. 

1OJ0  030  H'll  S"1*OOJ  liiJJU# 


If  Oif->ir<L  PPOPFPTJES  OF  SToF.SS-PElIEVFD  707S-T73S2  4LU«INUM  »|_LOT  H4ND  FOPGlHf.S 


r 


TABLE  III 


s> 

n 

i 

u 

» 

* 

'C 

I 

i/1 

’X 

r> 

£ 


i 


PrcT  m/An  7oi  r 


*  OFF fc 7  F0iJ4(_S  0,?  CFO  FFmT 

t  OFFSET  FOU41S  2.0  OF  O  CFMT  OF  PJN  0I4MFTFO 

*  SPECIES  4M0  FUTliOFS  CLCi^FO  ULT04S0N1C4U.V  I«J  TOSON 
$L.  LOMr.ITuniNAL;  L  7  •  LO-ir,  TpahSv£OSE;  ST.  SHOOT  TP4NSVFRSE 


MFO*MIC*l  POOPfPTIES  OF  STPESS-PFLICVFO  7079-T6S?  »UXINU«  *LlOt  H*M>  FORGINGS 

IF33615-6R-C-I38SI 


TABLE  IV 


O 

e  o 

©  o 

©  © 

©  © 

c  o 

c 

C  ©  © 

©  © 

©  o 

• 

©  o 

o  © 

©  o 

o  o 

o  o 

o 

c  ©  © 

©  c 

o  © 

• 

N 

*  4  l 

0*  iC  1 

cy  fu 

i  n  p. 

1 

cr  x  i 

o 

—  1  4  4  1 

4  4 

i  m  4  i  i 

1/1 

M 

I 

1 

i 

1 

» 

1  • 

i  i  i 

1/1 

O 

4  n  i 

PU  4  1 

m  p* 

i  o  in 

1 

a.  p*  » 

r- 

0  I  4  If-  1 

IT  0 

i  p**  p-  •  i 

3 

N 

*-  4> 

mu  mu 

^  m* 

mm 

pm  mm 

—  © 

©  o 

o 

©  ©  © 

©  o 

o  o 

*- 

** 

m  m 

& 

c 

IT 

o  o 

O  © 

©  © 

©  © 

e  o 

© 

©  ©  C 

e  o 

o  © 

-j 

• 

©  c 

©  c 

c  © 

e  © 

c  © 

o 

©  c  c 

©  © 

©  © 

w 

pm 

—  ©  1 

«  O'  1 

4  n 

l  ru  © 

1 

4  —  1 

a 

n  i  cr  ©  i 

4  P* 

1  «  n  1  « 

M 

1 

1 

1 

1 

l  l 

II  l 

► 

a 

0  4  1 

4  P**  l 

ro 

i  in  4 

I 

4  AJ  • 

IV 

6 

I 

V 

in  4 

i  n  rv  •  i 

*¥ 

UJ 

N 

0  a 

<t  a 

a*  © 

©  O' 

o*  <r 

0 

0  0  4 

0  0 

0  0 

O 

in 

© 

mm 

2 

M 

a 

u. 

< 

c 

O 

©  © 

o  o 

O  C 

c  c 

©  © 

©  ©  ©  © 

O  C 

©  © 

liJ 

o 

• 

©  © 

o  o 

©  © 

o  © 

©  © 

© 

O  ©  © 

©  © 

©  © 

or 

U- 

M 

p  —  i 

a  --  i 

n  p- 

1  €P  4 

t 

0  4  » 

0 

r.  i  c  0  i 

c 

•  r*  p  I  l 

• 

II 

• 

l 

1 

• 

• 

I  I 

•  1  t 

m 

a 

4  0  1 

©  <?  i 

<s  « 

i  in  4 

1 

0-  «*»  1 

© 

—  i  m  4>  • 

®  4 

1  0  O  1  1 

m 

V 

in  4 

4  4 

4  4 

4  4 

4  4 

4 

4  r>  r> 

4  4 

r>  4 

UJ 

© 

mU 

»■* 

mm  pm 

mm  mm 

pm 

mm  pm  mu 

— 

—  mu 

a 

•m 

m 

m 

a 

in 

o  e 

o  c 

o  o 

o  o 

©  © 

o 

o  o  c 

e  © 

o  c 

• 

• 

©  © 

O  © 

o  o 

c  o 

o  o 

o 

©  ©  o 

o  o 

o  © 

P 

mu 

—  in  i 

<\J  c  1 

4  — 

i  ©  in 

| 

4  cv»  i 

M 

r.  1  on  | 

IV  © 

1  ©  ©  1  1 

-J 

ii 

i 

1 

i 

1 

1 

•  i 

1  1  1 

a 

IT  *  1 

n  ©  i 

—  p 

i  n  p 

1 

iv  in  i 

« 

<r  i  4  n  i 

IV  — 

10  4  1  1 

v 

© 

pm  m 

—  c 

—  c 

o 

©  c  © 

mm  mu 

o  © 

• 

o  © 

©CO 

©  ©  ©  ©  ©  © 

©  ©  ©  © 

©  ©  ©  ©  © 

ooooooooo 

tr 

•  m 

©  ©  , 

©  ©  © 

©  o  o  ©  © 

© 

o  o  o 

© 

©  o  ©  ©  © 

oooooooo© 

< 

p  in  ~ 

p  in  f 

4  —  4 

Pa  m  r  p* 

a 

Cr0P’>P*<r4<V4o 

4  0 

nr  if  p  a  o  © 

U I 

_j  uj  in 

| 

Z 

d  a  a 

«  4  1 

©  4  in 

a  «  p*  4  in 

4 

Ml  <  inr  4  c  4  4 

©  K 

p  4  m  4  n  iv  m 

in 

p 

lA 

4  4 

4  4  4 

4  4 

4  4  4 

4 

4  4  4 

4 

4  4  4  4  4 

4  4 

4  4  4  4  4  4  4 

* 

• 

©  C  © 

©  ©  © 

C  C  ©  O  C 

© 

O  C  C 

o  c  ©  ©  c  © 

coccooceo 

• 

C  in 

©  ©  © 

©  ©  © 

©  ©  ©  ©  © 

© 

©  ©  ©  © 

©  ©  ©  ©  © 

©ocooooc© 

Q. 

-I  m  — 

ip  iv  <v 

nr-© 

*  a  «\*  —  cl 

4 

p*c4Xr>rv©p*n 

0  p* 

—  m  iv  n  m  0  m 

1 

U.UM/) 

C 

•— 

a  a 

n  ir  * 

—  c  — 

rv  pu  r  c  4 

e 

0  n  a 

4 

(T  \  P  if  a 

*  0 

p  p  4  0  m  iv  p 

u 

P  P 

in 

p  p  p 

p-  p*  p» 

PPPP4 

4>  4>  4 

4 

4  p-  4  4  4 

4  4 

4444444 

• 

• 

«■ 

o 

it 

Ui 

4  o  o 

4  4  — 

—  4  4  M  ® 

K 

NIMON 

p*  4> 

4  in  IV  p  IV  IV  4 

UJ 

o 

*>R 

new- 

Pj  Pj  — 

IV  M 

Py  — 

mm 

IV  —  — 

iV 

—  IV  — 

n  — 

—  IV  —  IV  IV 

tt 

• 

•  2 

• 

c 

c 

©  ©  c 

©  ©  © 

©  in  ©  ©  u* 

9 

oirccir  irceo 

ocireif  oocir 

o 

A. 

V 

*  n  P 

P’1  <v  oc 

in  <v  cp 

P* 

n  a  p* 

r> 

©  in  ri  —  4 

in  0 

®  —  p  4  IV  ©  4 

-1 

* 

ui 

k;?c 

-J 

m 

• 

z 

• 

©  ©  © 

©  ©  © 

©  © 

©  ©  c 

o 

o  o  c 

© 

©  ©  o  ©  © 

©  © 

O  ©  ©  C  ©  ©  © 

C  m 

O  ©  C 

©CO 

c  c 

c  ©  o 

c 

o  ©  c 

© 

©  c  ©  c  © 

c-  o 

P 

"FiTTM 

c  <7  p 

r*  p-  4 

4  IT 

cr  ©  © 

cr  . 

4  c  in 

e 

4  f  4  4  1- 

X  4 

at  ^  —  at  0  IT  — 

IP 

—  4  n 

a-  in  — 

4 

MTH 

IV- 

r-«  m  cr 

a 

<v  —  if  —  a 

IP  ~ 

-ifftnr  r  p  t 

1 

JH 

p  4.  4 

4  4  4 

4  4 

4  4  4* 

4 

4  4  in 

4 

4  4.  4.  4  m 

4  4 

4  4  4  in  4  in  ir 

. 

©  c  c 

C  C  C 

C  C 

e  ©  c 

e 

©  c  c 

c 

c  e  c  c  c 

e  c 

e  c  ©  c  ©  c  c 

•  ir 

©  c  c 

c  c  c 

C  C 

c  c  c 

c 

c  c  c 

c 

c  c  ©  c  c 

c  © 

c  c  ©  c  ©  c  c 

« 

2 

'■TH 

4  —  © 

in  —  p* 

a  m 

r  <?■  4 

c 

4  0^. 

mu 

c  0  r>  r 

4  4 

**  A-  a  4  a  —  r* 

ao 

0  4  4 

r*  4  r- 

cr  p» 

4  p*  4 

4 

U  PJ  — 

4 

4  r  4  r*  — 

r*  iv 

—  in  «v  iv  »p  0  0 

1 

■ 

m 

P  p  p 

P-  K  P» 

p*  p* 

p*  p*  p* 

P* 

P-  P-  P* 

P- 

p  p  p  p  p 

P*  K 

P  P  P  P  P  4  4 

1  U* 

O  Z 

w  o 

-j  p  p 

jp  p 

-j  »- 

►-  -J »- 

►- 

U 

>-  p-  ►-  *- 

JPP  JPP  JPP  1 

a  — 

-j  in 

-J  U. 

-j  m  j  in 

_» in 

_■  m  j  in 

mi  in  lt  m  1 

—  p 

c 

a 

p 

4 

a 

e 

IV 

fp 

4 

m  4 

u> 

n 

n 

m 

4 

4 

4 

4 

4 

4  4 

a 

c 

c 

c 

c 

c 

c 

C 

© 

C  C 

* 

<—  — • 

■4 

4 

4 

4 

4 

4 

4 

4 

4  4 

u 

z 

r' 

n 

r' 

r* 

PP 

fp 

n 

n 

fP  fP 

Q 

«j  • 

> 

<  2 

«3 

i 

2  — 

1/ 

in 

C 

a 

(V 

tf 

4 

V 

© 

© 

4 

IV  4 

m 

mm 

um 

IV 

~  n  ! 

c 

P  U‘ 

M 

»< 

>r 

M 

m 

X 

X  X 

3 

C‘  P» 

IV 

r> 

4 

4 

m 

IT 

IT 

4 

4  4 

V 

UI  — 
in  if 

Rtct  MMrr  y\p|  p  qq py 


JSdJASNSdl  laOMS  »1S  ljSfl3AbN»oi  -Ji.07  *11  *  "IvMGiu  lONOI  •)§ 
NOSOi  Nl  A31f3lN0S»t!i3n  u3n»j13  SJoMIFIj  (Jut  SUjhIDJoS  A 
b313w*IG  Md  Jo  JNJJ  oio  0^  Stsnoj  IjSjjo  F 
INjj  d3d  ^*0  STsnoJ  UbjJO  • 


TABLE  V 


■*  4  if  e.  o  —  a  4  ex  n  m*.  33 

x- -i  £  ft  x  r-  ft  x  x  x  x-  *  ft  x  X- 


r i  4.  r>  ©  m  a  r 

si  CC 

»  • 


4  «.  4  —  4  ' 


— -4ft  C  *  —  3  /  4  <.  A  if 

4  r  rx  v?  r*  a,  r*-  a  ~t  4  a, 

•  ••  •  •  ••  • 


MT  3  —  C  3  X 

a  a  s  r*  ft  r-  s.  x» 

*  ■  •  •  •  ••  • 


4 

IT 

r- 

if  ft 

if 

4  4 

r 

a 

a 

«7  — 

O 

ft  n- 

0 

ft 

c 

If 

X 

n 

a 

0 

X 

X 

<v 

r  tf 

r> 

—  r 

rv. 

If 

4 

4 

x  a 

X  4 

ft 

0 

u 

if  X 

4 

if  X 

X 

X 

ft 

ft 

a 

f- 

f* 

X 

n- 

r**  a- 

r- 

a*  r» 

r«* 

- 

- 

*  • 

- 

- 

• 

«  • 

- 

•  • 

- 

• 

— 

- 

- 

- 

— 

« 

• 

• 

•  • 

• 

•  • 

• 

if 

•X 

4 

C  A* 

a 

X  c 

— 

c 

4 

—  4 

If 

r.  c 

a 

ft 

4 

0 

a 

c 

m 

C 

<T 

r 

4 

c  — 

a  c 

X 

4  r, 

r 

4  4 

4 

if 

r* 

r  r 

4 

4  4 

4 

r, 

4 

if 

if 

if 

if 

X 

if 

if 

if 

4 

X  if 

if 

4  X 

if 

~ 

- 

- 

- 

- 

- 

~ 

• 

- 

• 

- 

• 

- 

• 

• 

• 

*  • 

• 

•  « 

• 

ft 

ft 

4  4 

if 

X  ft 

ft 

4 

ft 

ft  4 

r 

if  0 

c 

4 

X 

c 

X 

X 

a 

X 

r 

ft 

ft 

ft  a 

a 

4 

X  ft 

a 

X  A* 

ar 

A* 

3 

0 

0 

a 

cr 

c 

4 

c 

e 

3  0 

e 

a  a 

C 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

•  • 

« 

•  • 

• 

*** 

"" 

■"* 

*• 

*■’* 

"■* 

~~ 

*“ 

rv 

— 

rv 

rv 

— 

—  -* 

rv 

—  — 

ft# 

M 

4 

* 

—  O 

cr 

0  rv 

4 

if 

c  c 

ft 

c  r* 

3 

X 

O 

4 

X 

if  C  N 

X 

O 

x  n 

4 

4 

1'  a 

if  4 

A. 

A»  a 

r 

rv#  rs 

r, 

rv 

4 

4 

4 

4 

if 

If 

4 

if 

if 

4 

4  V 

if 

4  4 

X 

* 

• 

• 

*  • 

• 

■  * 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

•  • 

• 

" 

M  — 

-M-l  ■-  ‘ 

— 

^  — • 

*■* 

•* 

** 

*■* 

"" 

— 

"" 

— 

—  — 

— 

1 

a 

ft. 

—  ft  X 

ft#  C  3 

1 

X 

X  X 

1 

X 

if 

XXX 

X  X  if 

1 

X 

X  X 

1 

• 

• 

#  •  • 

•  •  • 

* 

• 

•  • 

e 

0 

c  c  c 

c  c  e 

c 

0  e 

a 

ar 

CCO* 

m  0  x’ 

4 

ft- 

X  ft 

XI 

it 

X 

x  x  m 

XXX 

X 

IT 

X  X  1 

• 

•  •  • 

•  •  • 

• 

• 

•  * 

c 

e 

c 

coo 

00c 

0 

O 

c  e 

rv 

Cf 

a: 

ft#  0  e 

tff  4 

0“ 

BC 

CC  CL 

X 

X 

X 

XXX 

XXX 

X 

X 

X  X 

• 

•  •  • 

«  •  • 

0 

c 

c 

c  c  c 

c  c  c 

c 

c 

C  C  1 

rv 

ft. 

ft- 

m  4  fti 

«r  rv  0 

ft 

rv 

X  X  l 

1 

•• 

1  * 

• 

• 

•  •  • 

*  «  • 

• 

• 

•  • 

— 

—  —  -* 

— 

— 

—  — 

rv  a.  —  rv  x  ac  4  ar  a  e 
c  e  —  cco  —  a  a  — 

»  •  «  •«•  •  •  «  • 
—  ©  o  — 


•4  f\i 

•  *  •  *  • 


t 

c 

—  e 

4  C  0 

if  mm  mm 

X 

f 

X 

X  X 

XXX 

XXX 

•  • 

1 

• 

•  • 

•  *  • 

*  •  « 

0 

c 

c  c 

0  c  0 

coo 

>  ft* 

(V  — . 

ft.  rn 

xn- 

X 

X 

X 

X  X 

XXX 

XXX 

•  # 

• 

• 

•  • 

•  •  • 

•  •  • 

c 

0 

0 

0  e 

000 

e  c  c 

X 

4 

l 

m  rv 

x  ft#  m 

ft  4  m 

X 

X 

X 

X  X 

XXX 

XXX 

• 

•  * 

•  •  • 

•  •  • 

c 

c 

e 

c  c 

c  c  c 

cco 

— 

ft- 

ft 

X  ft# 

X  C  ft 

C  X  X 

C.  mrn  mm 

• 

• 

• 

•  • 

•  »  t 

•  •  • 

— • 

•“*  •* 

mm  mm 

«  C  X> 

—  ©  ^  o 

•  •  •  • 


x  **  ft  *  ft  <y 

c -C  —CO 

•  •  *  I  •  • 


lA  •  • 
if »-  u  • 
C  u  ft  2 
a  u.  — 

o  tf  if 


ft 

<r 

a  © 

—  ft#  m 

4  X.  X 

ft 

a. 

O'  c 

O 

0 

c  — 

—  ft. 

O 

0 

0  0 

coo 

0  C.  O 

c 

0 

0  0 

4 

4 

4  4 

4  4  4 

4  4  4 

4 

4 

4  4 

n 

r> 

m  0 

m  m  rv 

Ann 

n 

m  r> 

4 

ft 

«  x 

1/  CO 

x  ft  4 

a 

(V 

or  x 

—  rv 

—  rv 

M 

M 

X  X 

X  »»  X 

XXX 

X 

X 

K  M 

ft# 

n 

4  4 

X  If  if- 

XXX 

rv 

r> 

4  4 

if  X  IT  —  c 

c  a  c  c  e 

•  •  •  •  • 


4  4  4  4  4  4 

«•»  n  rx  n  nn 


4  i/i  n  m  #—  rv  i  a 

c  CO  CCO  CC9 


3  c  «-  rv  r> 

m  4  4  4  x 

C  C  coo 


a:  rv  ax  tr-  e  c  x  ft;  4 

—  —  —  rv  —  ftl 

J*  X  MM  MMM  MMM 

<v  m  44  if  if  if  4.  4  4 


or  -c  if  c  c 

—  ft# 

PC  w  pc  mm 

4  4  IT  If 


eouiDttw  ckvh  7srm  Knara-Tw^o.  sstiva  kokikiw  aswiosis 


TABLE  VI 


ft. 

U 

< 


s 

fl 

o 

s 

o 

8 


n 

9 

C 

1 

3 

C  * 

8S 
»-* 
ft.  w 

R* 

«*ii 

•  n 
O  " 
< 
n 

5  c 


Sest  Avail 


n 

O 


ble  Copy 


120  000 


